One of the problems of steelworks, referring to the steel manufacture, is the generation of secondary 12 products, resulting in recent years in new types of industrial waste that, depending on the sustainability 13 of the environment, must be reused or treated. This paper analyzes the mechanical behaviour of 14 concrete samples with the addition of an industrial waste, such as ferritic fume dust produced by 15 electric arc furnaces (EAF) when the materials are melted and makes a comparison using other types 16 of additions of concrete such us silica fume. At the same time this paper studies the capacity of the 17 matrix to encapsulate this residue that eventually ends up deposited in a landfill. The results show that, 18 besides giving the concrete a greater resistance as it happens with silica fume, the use of this type of 19 waste as an addition to concrete is suitable since the material remains encapsulated in the concrete 20 matrix, thus not producing leaching of heavy metals which can be harmful to the environment and 21 therefore to the health of the human being. 22 23 24 29
Introduction
One of the biggest problems today in the steel industry is the production of waste in varying amounts 26 depending on the type of scrap used and steel to be processed, generating various types of steel 27 including ferritic steel. Ferritic steel is a type of steel that is composed of less than 0.10% carbon. This 28 grade of steel was developed as a stainless steel group (ACERINOX) that can resist oxidation and The sample used in this study was obtained from a random fraction contained in the bag filters where 157 the waste is stored. From each of these samples approximately 50 kg were taken, always preserved in 158 closed containers to prevent the action of moisture. Then, 250 g of both samples were taken to proceed 159 to perform a granulometric study [22] .
160 Figure 3 shows the results obtained where the amount of material that does not cross the corresponding 161 sieve are collected. It is noted that the majority of material is in the range 53-297 microns. The 77.06% of the grains are within this range. The particle size distribution is not symmetrically 179 shaped but right correspond one 19.17% and to the left a 3.77% of the material analysed [23] [24] [25] . 180 For the determination of the chemical and mineralogical composition of the EAF fume dust, X-ray 181 fluorescence, X-ray diffraction (XRD) and thermogravimetric analysis (TGA) were carried out. 187 188
The figure 4 shows the results of thermogravimetric analysis for EAF fume dust sample. Figure 4 shows the thermogravimetic analysis (in red) and differential thermal analysis (shown in 210 green). Figure 5 shows the X-ray diffraction analysis of the sample. Powders from the manufacture of stainless steel, consist mainly of magnetite and to a lesser extent, 239 hematite as seen in Figure 5 . Calcium and silicon oxides are also present in trace amounts.
240
Thermal analysis shows an initial zone of continuous loss of mass assignable in principle to dewatering 241 processes commonly occurring in materials having such a fine particle size. However, this loss of 242 absorbed / water constituent peak coincides with the first carbon graphics and humidity obtained by 243 the determiner. This leads us to believe that in this area (below 400 ºC) a decomposition product from 244 carbon compounds is also produced along with the water, possibly attributable to organic carbon from 245 oil products. Around 400ºC a marked loss occurs due probably to dehydration processes of free 246 calcium hydroxide, which coincides with the second peak of the graph determiner water.
247
However, in the thermogram, this process is interrupted at 450 ºC by a gain region whose origin could 248 be presumed to be oxidation phenomena associated with some kind of structural transformations. One 249 possible structural change to consider is conversion from magnetite to maghemite, according to the
This phenomenon repeats itself later around 600 °C, and likely corresponds to a second transformation 253 of maghemite to hematite according to
Both phenomena of structural transformation (transition from one phase to another) mask losses due 255 to decomposition of carbon and calcium (about 600 °C) in the thermogram, seen in the second peak of the graph, which gives information from the decomposition of alkali carbonates is at temperatures 257 around 800 °C.
258
The actual particle density (3.76 g/cm 3 ) and bulk density (1.06 g/cm 3 ) of the powder sample were 259 obtained using a pycnometer to subsequently make a comparison of densities in the compact. The aggregates used were crushed limestone aggregates, from commercial manufacturing plants 2.5. Additive.
290
In order to meet workability requirements of the concrete a superplasticizer additive was used. The 291 additive used in all the concretes has been the Glenium ACE-324, of the commercial mark BASF. The process for the manufacture of concrete is described below according to the different proportions 302 or values depending on the additions. Six concrete mixtures were produced. Ferritic Fume Dust was 303 included as an addition at levels of 5, 10 and 15%. Two concrete mixtures containing silica fume (10 304 and 15%) as well as a control mix containing only CEM I were also produced.
305
.
306
The nomenclature used for the concrete produced in the study is as follows:
307 308
• FFD 5 = concrete with an addition of 5% (spc) ferritic fume dust.
309
• FFD 10 = concrete with an addition of 10% (spc) ferritic fume dust.
310
• FFD 15 = concrete with an addition of 15% (spc) ferritic fume dust.
311
• SF 10 = concrete with an addition of 10% (spc) silica fume.
312
• SF 15 = concrete with an addition of 15% (spc) silica fume. • NA = conventional concrete without addition.
315
The W/C that has been chosen, in all cases, was 0.5 as we can see in Table 3 . Specimens were covered with plastic for 24 hours and then were demoulded and brought into a moist 327 chamber for curing at a relative humidity not less than 95% and a temperature of 20 ± 2 º C. Finally 328 the samples were extruded according to norm UNE-EN 12390-4.
329
These specimens were kept in the chamber until use, 24 hours before testing. 
347
For performing compression tests, three replicate specimens for each concrete mix were tested at ages 348 of 7, 28 and 90 days.
350
3.3 Flexural strength tests.
352
The flexural test samples with the same characteristics were performed using prismatic specimens with The study was developed based on the UNE-EN 12920 standard. The different processes and steps to 379 be followed have been applied according to this regulation. Following the flexural test, the two halves originating from the tested specimen were tested in 420 compression. Results of flexural strength test at 28 days and compressive strength at 40 days are shown 421 in Table 5 and Table 6 
438 439
To 7 days appreciate that increasing the strength of the material begins to be significant primarily with 440 the addition of 15% fume dust as surpasses even high strength concrete made adding silica fume.
441
At 28 days the increase is quite relevant, compared to the rest, when the addition is 15% ferritic fume with respect SF15% of more than 15% increase, although with FFD10% is 2,3MPa only slightly less 446 than 5% increase. Draw attention to the strong improvement produced with the addition of fume dust 447 respect to silica fume.
448
If the FFD15% compared with conventional concrete gain it is 10.5 MPa, up from 15% the difference 449 with NA.
450
The results show that concrete with 15% ferritic fume dust (FFD15) acquire a higher resistance again 451 in respect of comparative equivalent performed for cylindrical specimens for both concretes with 452 added silica fume 15 % and 10% and conventional concrete. That is, FFD15 increased by 2% over the 453 SF10, up 18% compared to SF10 equal increment on concrete NA.
454
Contrary to the results obtained for compression, and as shown in FFD5 the value of 11 MPa for the addition FFD15. This is a loss of about 25% of the addition as we 457 increase resistance of ferritic fume dust. This fact must be taken into account as previously exhibited 458 levels of fissuring obtained by the addition, resulting in a positive development since the flexural 459 strength obtained by adding PHF15 is similar to that obtained for concrete with addition powder silica 460 fume, then the levels of cracking in the absence of a formal verification is not the subject of this work, 461 will be equivalent.
462
If we make a comparison with conventional concrete, increased flexural strength is notable for each 463 addition FFD15, FFD10 and FFD5 rising from just over 25% higher than Portland cement concrete to Tables 7, 8 and 9 show the results corresponding to the total content of heavy and non-heavy metals.
478
The results are shown in parts per million (ppm). In the different tables a comparison is made between 479 the simply cured and aged samples. The weights of the test pieces are taken in grams for the 480 approximation in mg / kg of dry matter. From the observation in Table 7 an immediate conclusion is drawn, the parameters that are found in 493 greater abundance in the first leaching is the value of the CrTotal although lower in the first balance due 494 to the decrease in PH and the consequent partial dilution, since in the 2nd leaching it grows instead of 495 decreasing. As expected in the second leaching, there is generally a decrease in the concentration of
The variability of other metal oxides is large qualitatively but quantitatively negligible, being narrower 514 marked previously in the Cr representing one tenth of the assigned limit. The average of these 515 parameters is less than 5%.
516
In addition to the leaching limit values mentioned in Table 8 , granular residues should meet the 517 following additional criteria:
The lowest value registered in the analytical is 8.15, higher than that indicated in the standard. 
538
• This material is classified as a special waste because it exceeds the limit of chromium, but this 539 and other contaminants are stabilized in the cement matrix, as we have seen in the leaching of 540 the concrete.
541
• It can be considered a micro-filler that can be used as a mineral addition in high or ultra-high 542 performance concrete.
543
• A technique of stabilization/solidification of the ferritic fume dust with concrete was chosen, 544 evaluating different proportions of this residue 5%, 10% and 15% of addition.
545
• First group not aged: Only the concentration values in leachate in chromium are somewhat 546 higher than those of conventional concrete and very little above zinc and aluminum.
547
• Second group aged: Since in the total chrome it becomes less than in conventional concrete.
548
• The fact that in some elements such as total chromium that present slightly higher values in the 549 second leaching, is motivated by the decrease in pH and the consequent partial dissolution of 550 its hydroxides. 
